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Wednesday, February 11, 2015 559adynamic structural model for the TCR ab TM complex and how it associates
with the CD3 zz subunit. Additionally, the interaction of the TCR with its
lipid environment may also regulate the organization of the TCR-CD3 TM
complex. We will also discuss simulation of the TCR TM region in complex
lipid bilayers that resemble plasma membranes. Our results suggest preferential
interactions of the TCR TM region with cholesterol and anionic lipids in the
bilayer.
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Conserved transmembrane (TM) arginines are essential for the transport func-
tion of many membrane proteins, such as voltage-gated ion channels. However,
among the lipid-facing residues in TM regions, the statistical propensity of
arginines is extremely low. The minimal occurrence of TM arginines is often
attributed to the thermodynamic cost of inserting an arginine into a hydropho-
bic lipid environment. But the energetic cost of TM arginine insertion measured
by the Moon-Fleming Hydrophobicity scale is only 3 kcal mol-1, implying that
Arg should be allowed in the bilayer. To investigate the discrepancy between
this moderate thermodynamic cost and the evolutionary avoidance of TM argi-
nines, we utilized Outer Membrane Phospholipase A (OmpLA) as a host for
lipid-facing arginine mutations, at three different depths in the bilayer. We
probed the effects of the introduction of TM arginines on the secondary struc-
ture and enzymatic activity of OmpLA and found that Arg has a minimal
impact on the structure and function of OmpLA. We also determined that a
TM Arg does not affect the thermodynamic binding of OmpLA to the periplas-
mic chaperones, SurA and Skp. Molecular dynamics simulations revealed that
all TM Args studied form hydrogen bonds with water and phospholipid head
groups. Kinetics of folding into large unilamellar vesicles of varying head
group compositions reveal that the R-variants exhibit slow folding, even in
the presence of the OMP assembly machinery protein, BamA. Slow kinetics
are additionally observed for in vivo folding of these R-variants. In addition
to a thermodynamic cost for TM arginine insertion our results indicate that a
pronounced kinetic barrier may play a role in the evolutionary pressure against
TM arginines.
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M2 is a membrane protein critical to the life cycle of influenza A. We have
capitalized on the expanding body of biochemical and high-resolution struc-
tural data available for the M2 protein to design and interpret site-directed
spin labeling electron paramagnetic resonance spectroscopy (SDSL-EPR) ex-
periments on the conformation and dynamics of the homotetrameric M2 protein
embedded in lipid bilayers. We have obtained data for three different M2 con-
structs (M2TM 22-46, M2TMC 23-60 and full length M2 protein) spin-labeled
at multiple sites within the transmembrane and C-terminal domains. CW and
pulsed EPR spectra show evidence that M2 adopts multiple conformational
states in bilayers, and that cholesterol content dictates the relative populations
of the states. Furthermore comparison of full-length M2 protein and a M2TMC
23-60 peptide demonstrates that the C-terminal juxtamembrane region in both
constructs forms an amphipathic membrane surface helix.
2834-Pos Board B264
Studying the Membrane-Bound Conformation of Alpha-Synuclein using a
Model Transmembrane Peptide System in a Lipid Bilayer
Graham P. Lobel, Alice R. Vienneau, Casey H. Londergan.
Chemistry, Haverford College, Haverford, PA, USA.
Alpha-synuclein is intrinsically disordered in solution but adopts a partially
alpha-helical structure when membrane bound; we are currently investigating
this structure using a cyanylated cysteine vibrational probe at various sites on
the aS membrane binding domain. In order to quantitatively understand the
depth dependence of the SCN probe in a lipid bilayer, four variants of a
poly-L transmembrane helical peptide were designed and synthesized with
cysteine residues at different depths in a membrane bilayer. A nonaqueous cy-
anylation and purification protocol was developed to introduce the probe
group on these very hydrophobic model peptides. Vibrational spectroscopy
was carried out on the four variants in a model lipid system using both solu-
tion/vesicle and oriented, immobilized samples. These data will help to eluci-
date the membrane interactions of both aS and other membrane-bound
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he Gag polyprotein is essential for the assembly of retroviral particles. It is ex-
pressed in the cellular cytoplasm and targets the surface of the plasma mem-
brane, where assembly occurs. All Gag proteins from various retroviral
species contain structured domains - the membrane-binding matrix (MA), the
capsid (CA) and the genome-binding nucleocapsid (NC) domains - that are
separated by unstructured linker regions. Cryo-EM of immature virions shows
assemblies on the plasma membrane in which Gag polyproteins are in an
extended conformation, apparently stabilized by lateral interactions between
their CA domains. However, the structural dynamics are complex. In a recent
study with neutron reflection (NR), we showed that in HIV-1 Gag, the MA-CA
linker is so flexible that the polyprotein binds a model membrane in a back-
folded structure in the absence of nucleic acid, and that a transformation into
an extended conformation is triggered upon nucleic acid binding (Datta
et al., J. Mol. Biol. 406, 2011, 205). Here we investigate the membrane-
binding of murine leukemia virus (MLV) and Rous sarcoma virus (RSV)
Gag proteins, which also include unstructured linkers between their MA and
CA domains. Both wild-type MLV and RSV Gag bind membranes in vitro in
folded conformations, as shown by NR, indicating structural flexibility of their
MA-CA linkers. In contrast, an MLV mutant, Dp12, in which the MA-CA
linker has been eliminated, binds the membrane in an extended conformation.
An investigation of the RSV mutant, D104-220, that is analogous to MLV-
Dp12, is currently in progress. These studies suggest that the disordered linker
regions in retroviral Gag proteins may function to prevent unproductive assem-
bly processes in the host cytosol or on the membrane in the absence of viral
genome.
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Cell membranes consist mostly of lipids and embedded proteins, forming a
shell around the cell that controls information and material fluxes into and
out of the cell. Protein-lipid interactions thus play a crucial role in numerous
cellular mechanisms. Understanding these interactions would provide basic
biophysical knowledge in addition to advance pharmaceutical developments,
many of which target membranes. Despite their significance, protein-lipid in-
teractions are not fully understood and have not yet been fully investigated
from a mechanistic standpoint. In this study we investigated synthesized pep-
tide constructs that insert into lipid bilayers via force spectroscopy. The con-
structs used here are based on SecA, a membrane-associated ATPase of the
general secretory system. We investigated the first 10 amino terminal residues
of SecA (SecA2-11) in three different arrangements to provide control exper-
iments and guide interpretation. In one arrangement, two copies of SecA2-11
were covalently linked in series to the atomic force microscope tip, in another,
they were linked in parallel. In all cases the constructs were brought into close
proximity of a supported POPC lipid bilayer and the mechanical interaction be-
tween the peptide and lipid was recorded using single-molecule dynamic force
spectroscopy. Investigating chemically similar yet geometrically different con-
structs provides important benchmarks for the interpretation of future studies
involving longer constructs such as full length SecA.
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The synaptotagmin (Syt) family of proteins is characterized by the presence of
tandem C2 domains, C2A and C2B, which sense Ca2þ to trigger vesicle fusion
during exocytosis. The widely studied Syt1 is central to rapid neurotransmitter
release, while Syt7 is involved in slower secretion of large dense-core vesicles
and has C2 domains that dock much more tightly to target membranes. Despite
560a Wednesday, February 11, 2015recent progress in understanding mechanisms of vesicle fusion, the molecular
mechanisms of synaptotagmin C2AB membrane docking remain incompletely
characterized. For example, the two C2 domains of Syt1 are reported to cooper-
atively insert into target membranes, but specific interdomain contacts have not
been identified. To test whether the two C2 domains from Syt7 interact on a
planar lipid bilayer, lateral diffusion constants of fluorescent-tagged C2A,
C2B, and C2AB domains from human Syt7 were measured on PC:PS (3:1) bi-
layers using total internal reflection fluorescence microscopy with single-
particle tracking. The Syt7 C2AB tandem exhibits a lateral diffusion constant
half the value of the isolated single domains, and does not change when addi-
tional residues are engineered into the C2A-C2B linker. This is the expected
result if C2A and C2B are separated when membrane-bound; theory predicts
that C2AB diffusion would be faster if the two domains interact. Furthermore,
ensemble stopped-flow measurements of membrane dissociation kinetics also
support an absence of interdomain interactions, as EDTA-induced dissociation
kinetics of the C2AB tandem are similar to the isolated C2A domain and remain
unchanged when rigid or flexible linker extensions are included. Together, the
results suggest that the two C2 domains of Syt7 bind independently to mem-
branes. Ongoing efforts seek to perform analogous measurements with Syt1,
whose C2 domains have much shorter membrane-bound lifetimes.
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PTEN, a tumor suppressor gene that encodes a dual specificity phosphatase that
dephosphorylates phosphatidylinositol-3,4,5-triphosphate (PI(3,4,5)P3), is one
of the most frequent genes deleted or mutated in a wide variety of tumors.
PTEN acts as an antagonist to phosphoinositide-3-kinase (PI3K) signaling,
thereby affecting various cellular processes such as cell proliferation and sur-
vival. The activity of PTEN is regulated by dynamic shuttling between the
cytoplasm and the plasma membrane. The membrane association of PTEN
strongly depends on the composition and lateral distribution of the lipids in
the membrane. Several biophysical techniques have been used to characterize
PTEN-membrane interaction. Here, we use single-molecule total internal
reflection fluorescence microscopy (TIRFM), which is a powerful tool to study
the molecular mechanism of membrane targeted proteins. The single-molecule
TIRFM allows us to observe single PTEN molecules as they dynamically asso-
ciate/dissociate and laterally diffuse along the lipid bilayer membrane. PTEN
lipid binding is investigated on supported lipid bilayers of binary and ternary
lipid mixtures of PC with physiological relevant levels of PS, PI(4,5)P2 and
PI. We tracked individual PTEN molecules and statistically determine the
lateral diffusion and dwell time of PTEN on heterogeneous lipid bilayers.
We find significant differences in PTEN dynamic behavior when bound to
the different membrane environments. Furthermore, to gain insight into the mo-
lecular mechanisms of PTEN membrane association, we compared the lipid
binding of wt PTEN, an N-terminally truncated PTEN-(D1–15 AA) that lacks
the PI(4,5)P2 binding site, and the recently discovered, PTEN-L with a 173 AA
N-terminal extension. We find profound differences in the dynamic behavior of
these PTEN derivatives at the membrane. It has recently been suggested that
PTEN associates as a dimer with the membrane. We find that the tendency
to form membrane bound dimers varies among these PTEN variants.
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Estimating the number of subunits of a purified novel membrane protein is
challenge. There are various methods for determining stoichiometry accurately
in detergent, but often we are interested in the protein structure in the native
solvent environment - the lipid bilayer. Here we describe a robust and widely
applicable method to estimate the number of subunits in a purified membrane
protein sample using single molecule fluorescent imaging. First, the multimeric
protein complex is solubilized in detergent and purified. Second, it is quantita-
tively labelled with Cy5-maleimide and reconstituted into liposomes made ofE. coli polar lipids or 2:1 POPE/POPG, doped with 0.3% of AF488-NHS ester
labelled POPE. Following multiple freeze/thaw cycles to form multilamellar
vesicles, the proteoliposomes are extruded through polycarbonate filters of
30, 100 and 400 nm pore diameter resulting in reproducibly distinct size distri-
butions. Reconstitution follows the Poisson distribution resulting in liposomes
containing either 0, 1, 2 or more protein molecules. The apparent protein occu-
pancy into liposomes depends on protein:lipid density, efficiency of fluorescent
labelling, liposome surface area and the subunit stoichiometry of the protein
complex. Liposome size distributions are determined by cryo-electron micro-
scopy whereas the protein density and fluorescent-labeling is controlled during
the reconstitution step. We measure the first three terms in the Poisson distri-
bution: F0 (unoccupied liposomes), F1 (single occupancy) and F2 (double
occupancy) by single molecule imaging of the fluorescent proteoliposomes to
measure protein/lipid co-localization and photobleaching of protein conjugated
fluorophores. We test our model with a CLC-ec1 engineered monomeric
construct, the native CLC-ec1 homodimer and tetrameric KcsA Kþ channel.
The methods outlined in this study can be used to determine the subunit stoi-
chiometry of unknown purified membrane protein complexes in a variety of
liposome environments.Mechanosensation
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A detailed knowledge of mechanical parameters such as cell elasticity, stiffness
and viscoelasticity is essential for understanding the mechanisms that control
the mechanotransduction in mechanosensory neurons (MSN). Indeed, in order
to tune and maximize their sensitivity, MSN should be neither too rigid nor to
compliant; moreover they are expected to show different elasticity as a function
of the typology of mechanical stimulus they should record. However a precise
correlation between MSN mechanical properties and mechanotransduction
mechanism is still missing, and the sensory mechanical transduction, necessary
for the senses of touch and pain, remains poorly understood.
Indentation measurements by atomic force microscopy (AFM) enable to inves-
tigate and quantify in vitro the softness of living MSN thanks to its ability to
measure low forces (pN) and nanometer scale displacement. Moreover, the
integration of AFM with fluorescence microscopy opens up the possibility to
relate the involvement or activation of either cytoplasmatic structures or trans-
membrane proteins with variations of cell mechanical properties and, as result,
their role in the modulation of mechanosensory neurons activity.
In this study we performed AFM indentation measurements to evaluate the
mechanical properties of wild type and genetically modified proteins of the
stomatin system of dorsal root ganglia (DRG). We found a decrease of cell
elasticity in DRG neurons where stomatin system is genetically modified.
The role of cell elasticity in mechanotransduction regulation of mechanosen-
sory neurons is discussed.
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Stem cell differentiation is regulated by both soluble factors and the physical
properties of extracellular matrix, but the extent to which differentiation path-
ways are distinct or overlap is often unclear. Here, the micromechanical stiff-
ness of the collagenous bone surface together with broad compositional
correlations with collagen-I across many soft tissues suggests enzymatic
cross-linking of matrix correlates with nucleoskeletal protein lamin-A, with a
retinoid receptor RARG, and with induction toward osteogenesis. Collagen
films just 2 nm thick on mica were stiffened or not by transglutaminase
cross-linking and used as minimal culture substrates for Mesenchymal stem
cells (MSCs). Cells pulling on pristine nano-films visibly deformed and aligned
with the collagen fibrils, but on cross-linked films, cells spread isotropically as
if adhering to a substrate of greater effective stiffness. Cell nuclei also spread
and stiffened, with an increase of lamin-A, nuclear localization of RARG, and
upregulation of key early and late osteogenic factors. RARG antagonists also
increased lamin-A, and enhanced osteogenesis on rigid substrates in vitro as
well as in xenografts of MSCs in mice. A model of the underlying Mechano-
chemical Gene Circuit couples the sensitivity of stem cells to both insoluble
